Abstract Introduction: Military police activity individuals performing operational activity remain 12 hours using mandatory safety equipment. This work aimed to verify the electromyographic response in operational military police officers before and after a cycle of two working days. Methods: Forty-four male individuals were evaluated, with an average age of 34.59 ± 8.05. The used protocol consisted in the evaluation of paravertebral muscles and rectus abdominis muscles in a maximum isometric voluntary contraction test (MVC) during trunk extension movements, starting from the sitting position. Moreover, the Roland-Morris functional evaluation questionnaire and the Corlett and Manenica diagram for painful areas were used. An electromyograph with 16 pre-set channels was used. Signals were processed in time (EMG ME ) and spectral (EMG MF ) domains, using the MatLab  program. The Shapiro-Wilk test and Wilcoxon Signed Ranks Test were applied. Statistical analyses were performed through the SPSS v21.0 software and Microsoft Office Excel 2010, considering p < 0.05 as significance level. Results: Results showed statistical differences in the post-working day for time analysis, an EMG ME decrease in the right rectus abdominis muscle (p = 0.016) and in the age-stratified sample, with individuals over 31 years old (p = 0.016); in the spectral analysis, EMG MF reduction in the right iliocostalis (p = 0.027) and right and left side in the stratified sample, in individuals over 31 years old and with more than 10 years of service. Conclusion: The used protocol highlighted a decrease in the amplitude of the electromyographic signal, as well as possible muscle fatigue on the right side where officers usually carry their weapons.
Introduction
The World Health Organization (WHO) recognizes that some professional classes present higher risks of developing clinical and pathological disorders due to their job (National…, 1997; Vanícola et al., 2010) . The risk is higher due to peculiar occupational characteristics in which that workers are included, such as lack of regulatory norms peculiar to this activity and physical requirement (Reis, 2006) . Thus, it is understood that military police officers are among the groups at risk of developing pain complaints and work-related diseases. This is because military police (MP), during their working activities, are exposed to different overload conditions, such as the use of personal protective equipment like bulletproof vests and gun belts, and the adoption of inadequate postures during their working day (Tavares et al., 2014) .
Military Police work is an activity exclusively carried out by military police officers; generally, tasks are executed in a visible way, that is, by a uniformed military police officer. Therefore, they carry all mandatory safety items, that is, bulletproof vests and gun belts. One of the modalities is motorized patrol, which is performed with the use of a vehicle. The sitting position in the vehicle is stressful due to 12-hour shifts, and this may be aggravated by some factors: prolonged inadequate postures, age, professional habits and lack of physical activity (Claus et al., 2008) .
Studies on bulletproof vests and belts highlight that your constant use imposes a physical overload influencing the performance of your labour activity (Rocha, 2008; Vasconcelos, 2007 officer's body, thus increasing the sensation of discomfort which, together with stress and fatigue -characteristics that are inherent to the target activity -may characterize factors jeopardizing their performance, such as reflex and speed decrease, which are fundamental for officers in incidents like shootings (Rocha, 2008) .
The work situations to which military police officers are exposed require inadequate postural standards that may overload the musculoskeletal system of the spine, leading to the development of back pain (Konitzer et al., 2008) . Lumbar pain is the most common symptom among individuals that present back pain (Tavares et al., 2014) . Functional limitations caused by lumbar pain remove police officers from operational activities, and this is the main cause of working day losses and removal to administrative functions (Laat, 2005) .
Commonly, evaluations to diagnose lumbar pain are based on subjective evaluations, through questionnaires and scales that only provide qualitative results (Bento et al., 2009) . With the development of health technology, evaluation methods with quantitative indicators can be used, as electromyography (EMG), isokinetic dynamometry and an electrogoniometer providing stronger evidences in studies with variables that were previously evaluated only by qualitative methods.
The EMG provides quantitative data about the muscle electrical activity standard, defining in an objective way the number of motor unit recruitment (Miura and Sakuraba, 2014) . Therefore, this work aimed to verify the electromyography response in operational military police officers (with overload of 5.7kg from equipment) before and after a cycle of two working days. Electromyography as a tool for evaluation can provide quantitative results, such as a reduction in EMG frequency after the work shift, as well as decrease in EMG amplitude at the Erector muscle of the spine, after maximum isometric voluntary contraction test (MVC), indicating the presence of fatigue (Tarata, 2003) , and associate them to the already used subjective methods.
Methods
This research may be classified as descriptive, because its goal is to describe the characteristics of a certain population or phenomenon, or to determine relations between variables; its characteristic is standardized data collection. This research was conducted in accordance with the ethical recommendations of Resolution n. The sample was composed by a total of 44 military police officers. The recruitment of volunteers occurred according to their availability, that is, the researcher went to the battalion and the officers on duty were invited to participate.
Officers complying with inclusion and exclusion criteria were informed about the research and they could choose if they wanted to participate or not; in case they accepted, they signed an Informed Consent Term and an Audio/Video Recording Consent Form.
As inclusion criteria, all officers had to be male and carrying out patrol activities, that is, they had to use all mandatory safety equipment. As exclusion criteria, there were officers having chronic or disabling disease, being obese or having recently undergone a surgery (less than 6 months).
Being a group of military police officers, none of them were identified in any way. Voluntariness was totally preserved, and they could quit the study at any moment.
Pre-collection evaluation and volunteer preparation
After signature of the ethical terms, the following data were collected: age, service time and whether they practiced any physical activity or not. The volunteer then filled out a Roland-Morris Questionnaire, an instrument of self-assessment and perception of difficulties in carrying out work and daily-life activities. The questionnaire contained 24 alternatives (yes or no), varying from zero (no disability) to 24 (severe disability), describing daily and work situations, which may be compromised by lumbar pain. Every Military Police Officer was instructed to check all alternatives that perfectly corresponded to their current physical condition. The choice of this instrument is due to the fact that it is internationally recognized and validated as a helping instrument in the investigation of lumbar pain symptoms (Johnston et al., 2004) . The higher the number of checked alternatives, the worse the physical condition of the officer. Concomitantly to the questionnaire, the volunteer indicated on the Corlett and Manenica Diagram the painful areas related to the pain sensation at the moment of the evaluation.
After the initial evaluation, the evaluator requested that the officer took off his bulletproof vest, gun belt and uniform shirt, so that she could prepare the skin for electrode positioning. Skin preparation consisted in trichotomy and asepsis with 70° alcohol; after positioning the electrodes, the evaluated person was photographed so that possible observations and corrections in the electrode position could be performed.
The electromyography will be in this study with the goal of providing data collected by the test of maximum isometric voluntary contraction, performed before and after the officer's shift, who will be able to indicate changes in pain intensity in the Corlett and Manenica diagram for painful areas and in the Roland-Morris questionnaire on lumbar pain, where he will be able to indicate if the overload caused by the bulletproof vest changed; all this is made in order to later analyze the collected data in a statistical way.
Electromyographic evaluation
An EMG System do Brasil  equipment was used, 1600-U12 model, with 16 channels and 3M
 Ag/AgCl surface electrodes, in bipolar configuration, positioned according to the fiber orientation of the analyzed muscles. The reference electrode was located on the C7 spinous process. The channel to get the EMG signal was set to a sampling frequency of 1kHz.
The placement of surface electrode pairs was performed according to the SENIAM protocol (Surface Electromyography for the Non-Invasive Assessment of Muscles), being held the desired muscle palpation and then positioning the electrodes. The same position of the electrodes was adopted in the two collections. For the trichotomy of the evaluated regions, procedure gloves and individual disposable razor blades were used; the skin was cleaned with sterilized cotton and alcohol for better adherence and fixation of the electrodes, which were spaced 2.5cm apart.
The EMG channels were numbered and identified with the following sequence: 1: Right trapezius, 2: Left trapezius, 3: Erector spinae right side, 4: Erector spinae left side (both in the thoracic part), 5: Erector spinae right side, 6: Erector spinae left side (lumbar part), 7: Right rectus abdominis and 8: Left rectus abdominis.
The pairs of electrodes were aligned by anatomical markings such as bone and muscle belly accidents, as Figure 1 .
Collection protocol
Collections occurred in the volunteers' workplace (20 th and 22 nd Battalions). Before performing the collections, the evaluator went to the battalion to explain the nature of the research and asked for a proper room to perform the collections. The room should respect at least minimum privacy, since the volunteer had to remove his shirt and it should have an electrical plug to turn on a heater when necessary, since some collections were performed early in the morning. Police officers were evaluated according to the sequence presented in Figure 2 .
The evaluation of the paravertebral muscles in the sitting position is due to the fact that it simulates the daily routine of the evaluated individuals because the same work sitting in police cars.
For the sitting position of the volunteers, a Quick Massagem chair was used, adapting it with a metal rod to fix a vest; this was placed on the individual to perform maximum isometric voluntary contraction test (MVC). Figure 3 shows the position of the volunteer on the adapted chair, observed on the side. To register EMG signals, two MVC were performed on the same day (where the signal with greater MVC was processed); in both of them, the volunteer performed a trunk extension with his maximum force for five seconds, with 2-minute intervals between the contractions. Inside this five seconds, between the 1.5s initials and 1.5s finals, 2s to analysis window length were selected to process the signal. During tests, verbal support was given to guide volunteers. 
Data analysis
This study obtained results from subjective evaluations through the Roland-Morris Questionnaire and the Diagram for painful areas and from objective evaluations through EMG signals; thus, a specific treatment was applied for each kind of generated data. Data referring to EMG were recorded and exported to an EMG system computer database.
Processing
Signals were analyzed in the spectral (median frequency (EMG MF )) and time domain (median energy(EMG ME )). We used median energy (that is related with root mean square feature) due to characteristic of non-parametric signal. A custom routine was generated with the MatLab 
where MF is the median frequency, ( ) P f is the power spectrum and fs the sampling rate.
The processing of EMG signals in time domain was performed using the absolute (or rectified) median amplitude equation, as presented in Equation 2. The median energy feature is a non-parametric data related with root mean square feature.
where MF is the median energy (median of absolute amplitude), EMG is the electromyographic signal and n is the data analysis time frame.
Statistical analysis
For the statistical analysis, data registered on the right and left side were compiled and exposed on the same graph. Initially, signals were tested in terms of distribution normality by the Kolmogorov-Smirnov and Shapiro-Wilk tests, and EMG variables presented non-Gaussian distribution. In order to verify significant differences among results, the non-parametric Wilcoxon Signed Ranks Test was applied; results were inserted in individual tables related to each EMG parameter, energy median and median frequency, respectively. Results from the Roland-Morris functional evaluation questionnaire were analyzed by the Student's t test for independent samples, when compared to the sample subgroups. Statistical analyses were performed through the SPSS v21.0 software and Microsoft Office Excel 2010, considering p < 0.05 as significance level.
Results
Forty-four volunteers with an average age of 34.59 ± 8.05 participated in the study. Table 1 shows the analysis of data collected before the application of the protocol. It is possible to observe a discrepancy between the minimum and maximum age of the officers; this is because newly formed officers or officers with short service time are preferably assigned with more experienced officers.
Results from the Roland-Morris functional evaluation Questionnaire were separated by service time; in Figure 4 they are divided in 5 categories, every 5 years, up until the maximum limit of service for police officers, which is 35 years. There was no statistically significant difference among categories -the sample within categories can be a chance to explain the results.
When they were grouped in only 2 categories (less than 10 years and more than 10 years of service), a statistically significant difference was observed (p < 0.05 in the Student's t test for independent samples). The subjects with longer service time presented a significantly higher score (2.89) than the ones with less than 10 years of service (1.16). Results obtained by the diagram for painful areas were exposed in Figure 5 . Each volunteer was oriented to mark the painful areas that accurately represented their current condition, regardless of the fact that the research was focused on the spine. The area that refers to the lower region of the spine was the most marked one, representing 50% of the total.
According to the protocol used in this research, the electromyographic records were performed twice, before and after the volunteer's working day. Table 2 presents the processing of the time and spectral domain and presented statistically significant differences in the frequency domain for the erector spinae, lumbar part on the right side; an EMG MF decrease was noticed after the working day (p = 0.027), It is assumed that postural overload caused by vest and holster may have been enough to reduce the speed of conduction of action. In the temporal domain, on the right side of the rectus abdominis muscle, an EMG ME decrease (p = 0.016) was observed after the working day; this result corresponds to a lower muscle recruitment in the studied sample, verified by the MVC. Table 2 shows that there was significant decrease (Wilcoxon Signed Ranks) in the electromyographic signal amplitude of the rectus abdominis (p = 0.016) and of EMG MF of the erector spinae, right lumbar part (p = 0.027) after the working day.
Analyses were performed with subgroups stratified by age and service time. Analyses were performed in the time and frequency domains. Significant differences between pre-and post-working day values were observed in groups with age over 31, composed by 26 officers, and in the group with more than 10 years of service, with 20 subjects.
Table 3 compares the energy median of the rectus abdominis muscle. As for these results, it is possible to observe that there were significant differences (p = 0.016) in the EMG ME signal in the comparison between pre-and post-working day, on the right side. Table 4 presents the values referring to the analysis of the erector spinae muscles, lumbar part, from subjects over 31 years old. There were significant differences, according to the Wilcoxon's test, in the EMG MF signal after the working day on the right and left side, with a decrease in the signal -on the right side: 118Hz before the working day, 101.5Hz after the working day, p = 0.002; on the left side: 105.25Hz before the working day, 98.5Hz after the working day, p = 0.038. This decrease may indicate possible bilateral muscle fatigue, in subjects older than 31 years of age. Table 5 shows the results of the erector spinae muscles in subjects with more than 10 years of service. As for these results, it was observed that there were significant 
Discussion
In this study, it was possible to observe that 38.64% of the volunteers selected question number 2 in the Roland-Morris questionnaire ("I often change my position trying to keep my spine comfortable"). Postural discomfort during the working day was indicated as a risk factor for work-related diseases, as showed in the study conducted by da Trindade et al., where 75% of 262 military police officers with an average age of 37, indicated through the questionnaire the presence of some osteomuscular disturbance; lumbar pain was the most frequent one (Trindade et al., 2015) .
Another datum was found in the diagram for painful areas, where 50.00% indicated the medium region of the lumbar spine. Higher results were found in the study by Paulo (2010) using the same diagram, where the prevalence of found pain was 69.01% of 242 military police officers in the Military Police Academy in Barro Branco. The use of gun belts and bulletproof vests were mentioned by the evaluated subjects as the possible cause of that pain.
The incidence of lumbar pains was also reported in other studies with military police officers, being related to factors that are typical of the activity, such as the use of the bulletproof vests (Konitzer et al., 2008; Rocha, 2008; Vasconcelos, 2007) and the sitting posture during motorized patrol (Anderson et al., 2011; Donnelly et al., 2009; Paulo, 2010) .
In this study, 54.55% of the evaluated individuals reported practicing physical activity. Military police service is considered one of the most stressful and tiring jobs for the individual, given that physical preparation becomes fundamental for a better performance of working activities (Berria et al., 2011) . Physically more active individuals demonstrated to be more productive than the sedentary ones (Matos et al., 2010) , being agreed that physical activity improves the functional ability of the individual (Rossi, 2012) .
In the study conducted by Matos et al. (2010) , 31 military police officers aged between 30 and 39 presented positive levels of physical conditioning, highlighting that in a military environment, individuals carry typical loads such as ammunitions and arms; therefore, the strongest and more resistant ones will have more abilities to carry them.
Different results were found in the study by Paulo (2010) , were among 138 military police officers with an average age of 29, 49% did not practice any physical exercise. The same author underlines that the incentive to practice physical activities is vital to stay healthy and to perfection physical aptitude, due to the peculiarities of Military Police function.
The analysis of electromyographic parameters has been used as an effective tool to interpret the relation between the physical load used during a certain task and occupational activity (Borges, 2013) . The decrease of EMG MF as a result the fatigue may be associated with the type of muscle fiber recruited in the muscles evaluated during a particular activity (Barbosa and Gonçalves, 2005) . Lumbar pain leads to spinal deconditioning; it fatigues muscles and creates muscle unbalance, limiting daily activities and causing type I muscle fiber atrophy (Kawano et al., 2008) . Therefore, the more affected paravertebral muscles are, the less these muscles are used, resulting in abnormal trunk movements and increasing the chances of ligament and intervertebral discs injuries (Barbosa and Gonçalves, 2013b; Paulo, 2010) . This functional limitation of paravertebral muscles generates an excessive overload in the lumbar area (Barbosa and Gonçalves, 2013c) . The reduction of paravertebral muscle action as a cause for plastic deformation of capsules, ligaments and intervertebral discs due to the excessive overload imposed on these passive elements, will produce injuries on these distension vulnerable structures and will generate pain in the lumbar area (Barbosa and Gonçalves, 2005; Barbosa and Gonçalves, 2013a; Barbosa et al., 2010) .
After the working day, a decrease in the average MF value was observed for the erector spinae (lumbar) on the right side. Gonçalves and Pereira (2009) found a decrease in the amplitude of the EMG signal in the erector spinae muscles in MVC test after 1 min of 15% body weight lifting task, although none difference in EMG MF , that differs from our study possible due other muscles groups compensation during the task. An EMG MF decreases reveals type I peripheral fatigue (Kawano et al., 2008) , which in this study is manifested as a reduction in EMG ME from 107.50 to 31.72µV although with no statistical significance. With fatigue presence, there is an accumulation of lactic acid, H + ions in sarcolemma and muscle fiber (Miura and Sakuraba, 2014; Ritvanen et al., 2007) ; this change in ion concentration brings a change in the excitability of muscle cell membrane (Candotti et al., 2008) . This promotes a decrease in the conduction speed of muscle fiber, that is a decline in the propagation speed of the action potential (Gonçalves and Silva, 2007) .
In this study, we also observed MF decrease in the erector spinae muscles, lumbar part, bilaterally after the working day of subjects over 31 years old and with more than 10 years of service. The current consideration of electromyography studies is to examine why the decline came about as the median frequency during fatigue (Borges, 2013) . This result can be explained by the fact that the military police officer sitting in the car with the equipment, the fact that he is with the equipment can modify the posture in which it sits, in the specific case of this study since the subjects were sitting can be the volume of the weapon and ballistic vest may have changed the position with the guy sitting in the seat of the vehicle and this added to a possible unpreparedness of the paravertebral muscles may have led to changing the values of power and frequency. According to Barbosa et al. (2010) , there is a relation between this EMG parameter and the erector spinae muscle that is contralateral to the subject's manual dominance, because the muscle present lower fatigue propensity when compared with the ipsilateral muscle, as a result of the automatic practice induced to the erector spinae muscle through AVD's, which are mainly performed with the dominant upper limb (Barbosa et al, 2010) .
One of the peculiarities of the military career is the fact that it begins starting from 18 years old; therefore, an over 31 years old subject already has more than 10 years of service, that is, this overload postural condition on capsules, ligaments and intervertebral discs has been persisting in these subjects for more than 10 years, causing functional damage to the spine (Barbosa and Gonçalves, 2005) . Because of the great demand imposed on the spine by the target activity peculiarities of the Military Police, the erector spinae muscles may become less effective and there may be a decrease in the isometric ability of these muscles as a response to the postural overload.
In this study, it was possible to observe a decrease in the value of the rectus abdominis muscle energy median, on the right side, after the working day of the evaluated subjects (p < 0.016). A possible explanation for the decreased number of motor unit recruitment is related to the lower demand for dynamic stabilization of the lumbopelvic region by this muscle in the sitting position; its motor activity is adjusted according to the position and the load imposed to the trunk (França et al., 2010; Hall et al., 2009; Silva et al., 2004) . A decrease was also found in the energy median value in the referred muscle, in subjects over 31 years old, suggesting that with time and abnormal stress on the lumbar region, there would be lower activation of the abdominal muscles (Rossi, 2012) .
It can be cited as limitations of this study: the lack of a control group and the "loss" of the Maximum Voluntary Isometric Contraction Torque (MVICT) values, because these values were acquired, but the authors observed that the baseline values presented many variations, i.e. the load cell was not reliable. Therefore, these data were not used.
This work aimed at verifying the electromyographic response in paravertebral muscles of operational military police officers before and after the working day, based on the need for searching a better understanding of the lumbar pain and postural overload among military police officers, as well as using tools to evaluate them. Based on our findings, it is possible to conclude that:
a) The thoracolumbar region was the one presenting the highest number of professionals with pain complaints (50%), and regarding the functional alteration of the spine due to pain complaints, significant differences were found in subjects with more than 10 years of service; b) In time analysis by energy median, the variation of EMG signal in the studied muscles presented a decrease with significant differences only in the right rectus abdominis muscle after the working day and in the age stratified sample (p = 0.016); c) In the spectral analysis by median frequency, the EMG signal variation presented significant difference with signal decrease only in the erector spinae muscle -lumbar part, on the right side for the total sample (p = 0.027) and on the right and left side in the stratified sample, in subjects over 31 years old and with more than 10 years of service, suggesting that the intensity and duration of the muscle demand unable a possible muscle fatigue where officers usually carry their arms.
